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INTRODUCTION
Understanding the dynamics of real interest rate movements-shorts and longs-is critical for two reasons. First, it allows the macro policy makers to gauge the efficiency of fiscal and monetary policies. Second, long-term interest rates determine investment and savings in the long run, thereby playing a key role in the business cycle movements of an economy. An interesting question therefore remains: what determines the short-term and long-term interest rates? Further, it is more informative to establish how the term structure of interest rates and expected inflation are related (if such a relationship exists) when conducting policy formulation exercises. The distinction between factors that determine the short-term and long-term interest rates is crucial as it is argued that inflation targeting is an important monetary policy decision that affects the levels of nominal rate in the long term. Fama (1990) and Mishkin (1990) argued that long-term interest rate variations are affected by shocks to expected inflation. Mundell (1963) and Tobin (1965) showed that there exists a negative correlation between expected inflation and real rates of interest. Ang et al. (2008) analyzed in detail the term structure of interest rates in United States and found that real short-term interest rates are negatively correlated with expected inflation.
In this paper, we have tested for both short-term and long-term interest rates and also looked at the term structure of interest rates in India. The attempts to determine the rate of interest are rare in the context of India. An oft-cited reason was the limitations-analytical and methodological-to dealing with the non-varying administered rates of interest for a meaningful time series analysis until recently, prior to the deregulation of rates of interest. The available attempts focused on the deregulated regime of interest rates, and established possible links between macroeconomic variables using high frequency data (Chakraborty, 2002; Dua and Pandit, 2002; Goyal, 2004; Chakraborty, 2007; Chakraborty, 2012) . Using high-frequency data, the determination of interest rates so far has been attempted through time series methodology and engaging in pretests, such as unit root and cointegration analyses. However, in this study we try an advanced time series methodology which allows us to pre-empt the pretests.
There is a series of empirical studies, though rare, which deal with the asymptotic theory when the regression involves non-stationary time series leading to what are termed "spurious regressions." These time series inferences thus suffer from violation of stationarity assumption, more so if the series are short and evolving over time. The problem one encounters, therefore, is how to involve a mixture of I(0) and non-stationary I(d) series, where the order of integration "d" can be different for different series. One of the widely accepted solutions to addressing this issue is the simple operation of differencing or de-trending the series and also capturing the finite structural changes. However, it may not be very easy to validate the notion of infinite memory of the random walk I(1) when the nature of the economic time series changes/evolves over finite time intervals (Vinod, 2006) . The econometricians, thus, for many years, have tried to develop approaches to address such problems. For instance, Toda and Yamamoto (1995) attempted to eliminate these problems of pretests for vector autoregressions (VAR). Efron (1979) developed the methodology of bootstrap, which generates replicas of parameters to construct empirical distribution functions.
A recent development in the non-parametric bootstrap methodology is the maximum entropy bootstrap (Meboot) proposed by Vinod (1985 Vinod ( , 2004 and has been developed extensively in Vinod (2006) and Vinod and Lopez-de-Lacalle (2009) . The Meboot algorithm is a seven-step procedure which allows one to generate replicates or "reincarnations,"-as termed by Vinod, 2004-of the original series for further inferences. The methodology allows us to overcome the unit root and structural change pretests ruling out the need of any transformations of original time series for ensuring stationary assumption. This paper implements Meboot methodology for interest rate determination in India.
The paper is organized into five different sections. Section 1 interprets the empirics.
Section 2 arrives at the model specification while Section 3 deals with econometric methodology adopted and reports the results obtained. Section 4 concludes. Chakraborty (2012) has extensively surveyed the theoretical paradigms and cross-country empirical literature on the links between fiscal deficits and rates of interest. The survey suggests that the empirical analysis of fiscal deficits and interest rates is inconclusive. The set of studies, which observed no link, emphasizes either the context of financial integration or the Ricardian Equivalence paradigm. A few studies also highlighted the plausible liquidity in the system, which thwarted the possibility of crowding out of corporate investment from preemption of loanable funds through the financing decisions of fiscal deficit. The studies found evidence for the link between fiscal deficit and rate of interest highlighted the neoclassical arguments of crowding out of investment.
INTERPRETING EMPIRICS
Selection of the appropriate interest rate from the available spectrum of interest rates in India is the crucial step in data mining towards interest rate determination. Data is organized from the annual series of macro variables from the data bank of RBI for the periods 1980-81 and 2011-12. The major interest rates are call money market rate, prime lending rate, treasury bill rates (91 days, 364 days, and 182 days), and interest rates on dated securities of the government of India. Among these interest rates, the call money market rate has exhibited large volatility, and the bank rate has appeared to be non-varying in nature, which can be opted out in analyzing the link between fiscal deficit and interest rate. The prime lending rate is relevant as it is a significant determinant of private investment behavior as a long-term rate, and has also shown a broad stickiness in the rates. The redemption yield on dated securities of India is identified on the grounds that a shift from seigniorage financing to bond financing of fiscal deficit in India can have some effect on the interest rate-especially the interest rate on bonds or securities-and is also opted in as a long-term interest rate. The treasury bill rate is also tested as the reference interest rate.
Theoretically, a reference rate is defined as the price of a short-term low-risk instrument in a free liquid market. The treasury bill rate of 91 days is also used as the interest rate variable in this paper while opting out the 182-day and 364-day treasury bills due to limitations in annual data of these rates. The financial system in India was characterized by an administered interest rate structure until the 1990s. The process of financial deregulation since 1991 has been aimed at making the financial sector market-oriented to improve allocative efficiency. The administered interest rates were simplified beginning in 1992-93. A small number of fixed rates for priority sector loans were retained, while large commercial borrowers faced a floor-lending rate. From 1993-94, the markets for commercial paper and certificates of deposit were deregulated, allowing companies to access credit at market terms that were considerably below the minimum lending rate (Chakraborty, 2012) . In October 1994, the minimum lending rate was eliminated. The deregulation of interest rates has been accompanied by the introduction of new instruments like 14-day and 182-day auction treasury bills, in addition to the 91-day and 364day auction treasury bills. It is to be noted that the 182-day treasury bill was reintroduced in mid-1999. However, the administered interest rate in developing countries is responsive to market signals. The literature shows that an administered interest rate does accommodate market perceptions, and in order to analyze that, the literature has suggested examining the intertemporal movement of the interest rate and its variability in real terms (Gupta, 1992) . The analysis of intertemporal movements in the selected interest rates adjusted for inflationary expectations showed that the interest rates in India, though administered, have shown intertemporal variations, and real interest rates remained positive in a substantial number of years, and hence there is strong support for the argument that India was financially repressed, and the administrative interest rate can be ruled out. The subsequent logical step is to transform these interest rates into an ex ante real interest rate. 1982  1984  1986  1988  1990  1992  1994  1996  1998  2000  2002  2004  2006  2008  2010  2012 Actual Inflation Expected Inflation
We have analyzed the prime lending rate and government securities yield rate (more than 10 years) as long-term rates and 90-days treasury bills and government securities yield rate (less than 5 years) as short-term rates.
SPECIFICATION OF MODEL
Chakraborty (2012) derived a theoretical specification for interest rate determination based on Sargent (1969) titled "Commodity Price Expectations and the Interest Rate," where the basic functional form of the model derived is as follows:
where "R" is the real interest rate adjusted for actual inflation, "FD" is the gross fiscal deficit of central government of India, "BMS" is the broad money supply or M2. Both the fiscal deficit and the broad money supply are in log forms. "REER" is the real effective exchange rate index of the Indian rupee and "EInfl" is the expected inflation derived using the HP filter. "OG" stands for the output gap in the economy. The stylized facts related to the macroeconomic links of each of these variables with rates of interest are elaborated in Chakraborty (2012) .
The output gap index can be defined as OG= [(Actual GDP-Potential GDP)/Potential GDP] *100
Conceptually, the potential level of output would be higher than the actual level, as the resource utilization is maximized at the potential level. However, it is argued that cyclical factors, such as a recession or boom, could cause the actual level of output to be below or above the potential output, respectively (Tanzi 1985) . The Hodrick-Prescott filter (HP filter) is the method used in this paper for the derivation of the potential output. The purpose of this filter is to decompose a nonstationary time series, such as actual output, into a stationary cyclical component and a smooth trend component ( and denote the logarithms of actual and trend/potential output respectively) by minimizing the variance of the cyclical component subject to a penalty for the variation in the second difference of the trend component. Figure 4 shows the movement of actual and Hodrick-Prescott-filtered potential output in India. To analyze the term structure of interest rates in the long term, we included the shortterm interest rates as an explanatory variable in the equation and estimated the results. The term structure of the long-term interest rate is defined as follows:
where, "STR" stands for short-term interest rate. Here we used the treasury bills rate and shortterm government security yield rate separately for determining the structure of long-term interest rates.
ECONOMETRIC ESTIMATION
Using Vinod (2004 Vinod ( , 2006 Vinod ( , 2009 , we attempt the maximum entropy bootstrap for time series (Meboot) methodology for the interest rate determination in this paper, for both shorts and longs. Meboot constructs a maximum entropy density f(x) subjected to certain mass-and meanpreserving constraints, thus maximizing the Shannon 2 information defined by "H"=E (-logf(x)).
2 Shannon entropy is the average unpredictability in a random variable, which is equivalent to its information content (with the opposite sign). If we want to impose minimum prior knowledge about the shape of the The ensembles or the replicates so created satisfy the ergodic theorem, central limit theorem and the Doob's theorem. In addition, the constructed ensembles have the property of retaining the shape and autocorrelation and partial autocorrelation functions of the original time series data, which is more important for short and non-stationary dependent data. Figure 5 (below) shows the actual data and some replicas generated from the Meboot algorithm. 3 In the recent literature, researchers have discussed in detail the reliability of Meboot methodology for time series inferences (Yalta 2011; Plasil, 2011; and Lundholm, 2012) . This paper therefore attempts to use the algorithm and tests for applicability for a short macroeconomic time series in the Indian context. We have reported the confidence intervals as distribution, it is well known that the exponential distribution f(x) = , having 0 x and a mean of , will maximize the entropy (ignorance), defined to be the negative of the information, by H = ∫ .
(For details, see: Vinod (1982) : Vinod, (1982) , "Maximum Entropy Measurement Error Estimator of Singular Covariance Matrices," Journal of Econometrics, 20, 163-174. Vinod (1985) . "Measurement of Economic Distance Between Blacks and Whites." Journal of Business and Economic Statistics, 3, 78-88.) 3 See appendix for graphs of shape retention by Meboot resamples for other variables.
suggested by Vinod and Lopez-de-Lacalle (2009) and the asymptotic intervals from the OLS regressions for comparisons. The description of the confidence intervals is as follows:
Simple percentile: the method is based on ordering , j = 1,…, J values from the smallest to the largest as , j = 1,…, J. If J = 999, α = 0.05, (J+1)( α /2) = 25 and (J+1)(1-α /2) = 975. Hence the "simple percentile" interval is given by the order statistics: [ , ] .
Boot percentile: This interval improves upon the "simple percentile" interval by working on a transformed scale to force the distribution of b* to be symmetric, without knowing that transformation explicitly.
Norm:
The "norm" interval uses a normal approximation to the distribution of "b" based on bootstrap estimates b* of the bias and variance.
Basic: The "basic" interval uses the following basic notion to better approximate the "norm"
interval. Instead of directly using b* to approximate the unknown β, the observable deviations b*-b are likely to be better at approximating the unknown deviations b-β. The short-term government security yield rate is affected by broad money supply. Real exchange rate and expected inflation are found to be statistically significant (all are negative and statistically significant at 95%) while the output gap is positively related to it (tables 7 and 8). The estimates show the real long-term government security yield rate is affected by broad money supply, the expected inflation rate (both are negative and statistically significant at 95%), and the output gap in the long run. In the short run, the 91-day treasury bill rate is only affected by expected inflation (Table 9 ). To determine the term structure of long-term interest rates, we included the short-term interest rates as one of the explanatory variables. The results show that the estimated coefficients for the long-term government security yield rate. In determining the long-term structure of interest rates here, broad money supply is negatively related to interest rates while the real exchange rate and short-term interest rate is positively related to it. Expected inflation is significant only at 90% levels and maintains its relationship as earlier (i.e., negatively correlated to interest rates). For long-term prime lending rate, only the short-term treasury bill rate is statistically significant (positive related) in determining the long-term structure. suggested by Vinod (2010) and Lafaye de Micheaux and Liquet (2009) using package "Convergence Concepts" in R, which allows us to evaluate the proportion of sample paths straying outside the error bounds as the sample size increases. In simpler words, this allows a user of a Meboot package to check if the replicas created by the Meboot algorithm converge to their true values and are statistically significant as the sample size increases, especially for a short time series. Figures 6 and 7 show how the convergence is tested for one of the parameters, i.e., expected inflation. 4 If the Meboot algorithm converges to the true values, then the values defined by the convergence concept decline and can be tested for statistical significance with increase in sample size. Thus, the slope coefficient of both concepts (i.e., convergence in probability and absolute convergence) should be negative and the t statistics should be large. Table 13 reports the results for both concepts and approves the working of Meboot for a short time series in our case. The estimates showed that expected inflation has a negative relationship in the long-term and is statistically significant. The results showed that in all the four intervals reported from "Meboot" package including HDR intervals, the CIs tend to be strict and narrower as compared to OLS intervals.
CONCLUSION
The link between the rate of interest and fiscal deficit is a highly controversial issue. This paper revisits the determination of interest rates in India using a recent methodology of maximum entropy bootstrap (Vinod, 2006 (Vinod, , 2010 (Vinod, , 2013 . The results showed that fiscal deficit is not statistically significant for interest rate determination. This is in alignment with one of the earlier findings (Chakraborty [2002 (Chakraborty [ , 2012 ), where it was established that the interest rate is affected by other macroeconomic variables, not fiscal deficit. The identified determinants of the rate of interest are the changes in the reserve currency, expected inflation, and volatility in capital flows, but not by the fiscal deficit. This result has significant policy implications for interest rate determination in India, especially since the central bank has cited the high fiscal deficit as the prime reason for lack of operational flexibility to change the policy rates. The results also highlight that Maximum Entropy Bootstrap procedure can perform well for shortterm economic series. The results showed that it provides improvements in terms of narrower bands in comparison to the standard OLS intervals. This is useful for short time sample series where the time series properties of data are quite difficult to establish. 
